We present an overview of and status report on the WEAVE next-generation spectroscopy facility for the William Herschel Telescope (WHT). WEAVE principally targets optical ground-based follow up of upcoming ground-based (LOFAR) and space-based (Gaia) surveys. WEAVE is a multi-object and multi-IFU facility utilizing a new 2-degree prime focus field of view at the WHT, with a buffered pick-and-place positioner system hosting 1000 multi-object (MOS) fibres, 20 integral field units, or a single large IFU for each observation. The fibres are fed to a single spectrograph, with a pair of 8k(spectral) x 6k (spatial) pixel cameras, located within the WHT GHRIL enclosure on the telescope Nasmyth platform, supporting observations at R~5000 over the full 370-1000nm wavelength range in a single exposure, or a high resolution mode with limited coverage in each arm at R~20000. The project is now in the final design and early procurement phase, with commissioning at the telescope expected in 2017.
INTRODUCTION
With the advent of the new large-area surveys that are under construction from new facilities such as ESA's Gaia satellite and the European Low Frequency Array (LOFAR), WEAVE [1, 2] was proposed as a new wide-field spectroscopy facility for the 4.2m William Herschel Telescope (WHT) at the Roque de los Muchachos observatory in the Canary Islands. Although initially developed as a joint project between the UK, Spain and the Netherlands, the project now includes substantial representation from France and Italy. Gaia [3] will measure precise positions, proper motions and parallaxes for 10 9 stars with (V ≤ 20) over the whole sky, with medium resolution spectroscopy supplying radial velocity measurements and abundances for the brighter stars in the * gavin.dalton@stfc.ac.uk; Tel +44 1235 446401 hour reconfiguration. A third gantry system provides a deployable imager, co-focal with the fibres, that can be moved to any location within the full 2° field of view. Each gantry is equipped with a field-plate imaging system to allow in-situ calibration between the coordinate systems of the gantry and the field plates after plate exchange.
Field changeover is achieved by parking all three gantries, then rotating the central tumbler assembly, which houses the field plates and all the fibre retractor units, about its axis. The geometry of the tumbler (length x outer diameter) is set by the retractor units: these are set 70mm outside the useful 205mm radius of the optical field, and push the tumbler diameter to a total of 940mm. The starting point is set by the need to arrange 1000 fibres around the field circumference, and the end point by the limiting bend radius applied to each of three stacked pulley systems within each unit. Each group of three fibres have tiered park locations at the field periphery. The length of the tumbler is determined by the diameter of the tumbler axis and the length required for the inner pulley set in the retractor to allow its fibre to be deployed just beyond the field centre. The outer fibres are restricted to units of the same length, and so are limited to an outer annulus of the science field. This implies that the central 25% of the field is only accessible by 33% of the fibres, which is not expected to present significant difficulties for the majority of science fields. With this geometry, setting the gantry park positions to be clear of the volume of rotation of the tumbler sets the overall size of the positioner, with the outer diagonal of this structure setting the central obstruction diameter for the telescope in the WEAVE configuration at 1.8m.
The 20 mini-IFUs are mounted within ten of the retractor slots on one of the field plates, thus reducing the total count of MOS fibres to 940. The mini-IFUs, each comprised of a close-packed array of 37 fibres with the same 1.3" fibre aperture as the MOS mode, will use a scaled-up version of the MOS retractor, but with only two bundles per unit. Each field plate will also be equipped with 8 dedicated fibres for acquisition and auto-guiding. These will be coherent imaging bundles, as currently used in AF2 at the WHT, with a field of view of ~3.5". With 8 guide stars per field, WEAVE aims to correct for the bulk effect of differential refraction over the observation by tracking the position of each star across its target bundle.
The provision of a large monolithic IFU, utilizing the full slit length of the spectrograph to give a field of 1.3'x1.5' field comprised of 540 close-packed 2.6" aperture fibres, is achieved by mounting the IFU at the 90° (halfway) position of the tumbler assembly. The primary objective for the large IFU is to survey the low-surface-brightness extremities of low redshift galaxies at moderately high (R~10000) spectral resolution, and hence the large apertures allow a maximal field of view for a contiguous field with the available slit length. These observations imply long (~8 hour) exposures, for which sub-spaxel repeatability is highly desirable. The large IFU is therefore accompanied by its own dedicated autoguider camera to avoid possible flexure issues between the IFU and the sky imaging gantry system as there is no means to provide a referencing grid for the imager gantry at the IFU location. The large IFU will be counterbalanced by the main autoguider head that views the output of the imaging bundles from the two field plates. The WEAVE science fibres 11 (nearly 3200 in all) exit the tumbler through its principal axis and are routed through a cable wrap on the instrument rotator to pass along the prime focus support vanes. They are then routed down the telescope truss, over the elevation cable wrap and into GHRIL to end in slit units for the spectrograph. Including the cable wrap and spare fibre stored within the retractor units to facilitate repairs at the positioner end, the total fibre length has been estimated at 32m. Within the retractors, the 6 MOS fibres are each clad in a protective PEEK tubing, 0.5mm outer diameter, until they merge into a single polyurethane tube of cross-section 2.7x4mm. Each group of four retractors then feeds into a further junction to give 24 fibres in the same polyurethane tubing which passes through the prime cable wrap, down the telescope and over the elevation cable wrap inside a ruggedized conduit. Inside the GHRIL room, this bundle of 24 fibres emerges into a smaller outer PEEK tube of cross-section 1.2x1.7mm which feeds into a cable clamp on the back of a 24-fibre subslit block (Figure 4) . The subslit blocks are angled to approximate a curve in two dimensions to form the input slit of the spectrograph, with the angle being common to each group of four blocks. An end-end prototype of one 24-fibre cable from fibre-buttons to subslit has been fabricated by SEDI-ATI. Tests of various aspects of this bundle are currently underway 11 .
FIBRE SYSTEM

SPECTROGRAPH
The spectrograph design 9 passed its optical FDR in January 2014 with manufacture of the optics commencing shortly. The optical layout is shown in Figure 5 . The spectrograph consists of a reflective f/3.1 collimator with two sets of field corrector lenses (spherical surfaces) behind the 600nm dichroic, with an 8-lens transmissive camera in each arm, designed such that the lens surfaces, including a single asphere, are identical in the two cameras, with only the coatings and lens-spacings changing. As shown in Figure 5 , the spectrograph is switchable between low-and high-resolution modes (R=5000,20000) by a change of grating and a rotation of the cameras. The beam diameter is 190mm and the camera focal ratio is f/1.8. The original concept assumed a pair of 3kx8k e2V CCD231-68 detectors in each arm, as in the LBT MODS spectrograph 15 , with a gap in the spatial direction. However, the design has now evolved to accommodate a pair of CCD231-C6 6kx6k detectors in each camera. This change arises from a number of considerations, including spectral curvature on the chip, the need to suppress the recombination ghost from the VPH gratings, and the better overall performance and wider availability (and hence lower cost) of the C6 devices. With this configuration, the nominal focal plane format remains at 6k pixels in the spatial direction and 8k pixels in the spectral direction, such that it is possible to locate the gaps in the two arms at regions of minimal impact on the science.
With this configuration, the 1.3" input fibres give a spectral coverage of 366nm-606nm in the blue arm and 579nm-959nm in the red arm at a typical resolution of 5000, or 404-465nm/473-545nm/595-685nm at a resolution of 20000. There is, in principle, a possible location for a 4 th high resolution grating in the red arm, but this is not included in the project specifications. The overall spectrograph mechanical concept is shown in Figure 6 . The fibre slits are mounted in a cross-configuration as shown in Figure 7 : The four back-illumination units provide a light source for the fibres on the plate that is being configured so that these can be imaged from the gripper-mounted cameras in the positioner. The central position in the cross defined by the four back-illumination units is the active slit location, and each slit can be driven forwards within the mechanism to a kinematic seat corresponding to the optical entrance of the spectrograph. When the top end unit is dismounted from the telescope, the individual fibre slits can be withdrawn from the exchange mechanism, mounted in protective covers, and then passed out of the GHRIL enclosure. The fibres can then be coiled around drums mounted on the top-end assembly handling frame for safe stowage. The total est predictions fo from the WE 850nm.
In Figure 11 compared 
